The open total wrist arthrodesis has evolved to the current dorsal approach and different plating techniques and intramedullary pin fixation. Open total wrist arthrodesis can have negative effects on a functionally compromised hand by causing adhesion of the extensors. Sometimes, the hardware needs to be removed, and this also can add to the previous problems and possible damage to tendons (►Fig. 1). Carpal tunnel syndrome is another late complication of open wrist arthrodesis and can be seen in nearly 10.5% of patients, and approximately 67% of them require carpal tunnel release.
The open total wrist arthrodesis has evolved to the current dorsal approach and different plating techniques and intramedullary pin fixation. [2] [3] [4] [5] In 2009, Terzis et al proposed total wrist arthrodesis in patients with brachial plexus palsy as a complementary procedure in brachial plexus injuries for improvement of overall upper limb function and appearance. 6 Open total wrist arthrodesis can have negative effects on a functionally compromised hand by causing adhesion of the extensors. Sometimes, the hardware needs to be removed, and this also can add to the previous problems and possible damage to tendons (►Fig. 1). Carpal tunnel syndrome is another late complication of open wrist arthrodesis and can be seen in nearly 10.5% of patients, and approximately 67% of them require carpal tunnel release.
7
Arthroscopic total wrist arthrodesis is a procedure with minimal violation of extensor compartments compared with open wrist arthrodesis, in which a long incision from distal forearm to proximal hand; it can lead to a cosmetically more acceptable scar formation. In this study, we would like to present our experience and surgical technique for arthroscopic total wrist arthrodesis with very satisfying results. This technique presents our preferred method of wrist fixation.
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Abstract
Background Arthroscopic total wrist arthrodesis is a procedure with minimal violation of extensor compartments and less scar formation, compared with open wrist arthrodesis. In this paper, we would like to present our experience with a modified surgical technique for arthroscopic total wrist arthrodesis. Description of Technique After an arthroscopic cartilage removal through radiocarpal and midcarpal portals, the operation is continued under fluoroscopic control. In this technique, four wires are inserted separately in four various directions (as described in the paper), followed by insertion of self-tapping cannulated screw, under fluoroscopic control. Patients and Methods In this prospective study, a total of four patients underwent arthroscopic total wrist arthrodesis using our surgical technique within a period of 2 years. All four patients were followed for a minimum of 3 months for possible complications and functional outcome. Results The results were satisfactory, and no complication was observed. All the patients had complete union after 12 weeks, and the fusion was radiographically complete in all cases by 12 weeks. All patients were happy with their functional outcomes. Conclusion Using the described modified arthroscopic technique, we did four total wrist arthrodeses with minimal scar, no complication and acceptable functional results.
Surgical Technique
The cartilage of scaphoid and lunate fossa of the radius and also the cartilage of the scaphoid and lunate bone near the radius fossae are removed. The joints in the midcarpal space are then addressed. Afterward, the cartilages are removed from lunate, scaphoid, capitate and trapezoid, and part of the hamate (►Fig. 2). ►Fig. 3 presents arthroscopic views of radiocarpal and midcarpal joints, before and after cartilage ablation. Although, the arthroscopic cartilage ablation is a time-consuming procedure, preserving the Gilula's lines can be helpful during the fixation. Of the five articulations which need to be removed (i.e., radiolunate, radioscaphoid, lunocapitate, scaphocapitate, and third carpometacarpal), the third carpometacarpal joint is inaccessible by arthroscopy, and this joint will be fixed by a screw.
We used four different methods of fixation in our patients, including a central pin and cannulated lag screws, headless screw fixation and cannulated screws; and in the fourth patient, we have devised a fixation method, which seems to have all the requirements of a complete five articulation fixation (►Fig. 4). To perform this fixation, we used a long 2.7 mm cannulated screws, as lag screws do not have enough performance in the spongy wrist bones. This type of screw, full threaded, can have the best results by fixing all five articulations needed for a total wrist arthrodesis.
After completion of arthroscopic cartilage removal through radiocarpal and midcarpal portals, using 2.5 and then 3.2 mm burrs, the operation is continued under fluoroscopic control. First, a guide wire is inserted from radius into the scaphoid and onward to the third metacarpal head; then, a self-tapping cannulated screw is inserted and fixed under fluoroscopic control (►Fig. 5A and B). The second guide wire is then inserted the same way as the first one. The pin will be passed from radius to lunate and capitate and the second self-tapping cannulated screw is inserted afterward (►Fig. 5C and D). In this stage, through a small incision near the second web space, a tunnel is created between the interossei muscles. In a plane, deep enough to reach the space between the second and third metacarpals, the third guide wire is inserted from this point through the carpal bones and into the radius. The third cannulated screw is then inserted and fixed (►Fig. 5E and F). Finally, through the third web space, a new tunnel is created, and the fourth cannulated screw is inserted parallel to the previous one. These screws must be inserted as deep as possible, until they have passed the radiocarpal joint (►Fig. 5G and H).
Patients and Methods
In this prospective study, a total of four patients underwent arthroscopic total wrist arthrodesis, using our surgical technique within a period of 2 years. This study has been approved by the ethics committee of the university. All patients were informed, and written consent was taken. ►Table 1 shows demographic data, etiology, and final diagnosis in each patient.
The fourth patient in this series was operated with the same idea described above, but with a small difference. Due to undesirable insertion of the first screw, we were unable to insert the second one from proximal to distal, and had to insert the last screw in a reverse manner, from distal to proximal. It is very important that the screws pass parallel and grip all the bones, from which the cartilage is removed (►Fig. 4D).
The wounds were closed with sterile adhesive tapes. A short forearm plaster cast was applied, which was removed after radiographic signs of complete fusion in 8 to 10 weeks. For the patient with cerebral palsy, we recommend a longer casting period, due to the spastic nature of the disease. We also recommended wrist support at night and in rest for 6 months.
Results
All four patients were followed for a minimum of 3 months. The results were satisfactory, and no complication was observed. All the patients had complete union after 12 weeks, and the fusion was radiographically complete in all cases by 12 weeks. The cosmetic appearance was far superior to open total wrist arthrodesis, because of less scar formation. In men, the small surgical scars can be hidden by the dorsal hand hair (►Fig. 6). 
Discussion
In cerebral palsy and brachial plexus traction injuries, the wrist can be a "thief of the hand function." In the absence of wrist flexors and extensors, all the forces from finger extensors and flexors are "robbed" by the wrist, and when the wrist is fixed in neutral position, the hand function is improved (►Fig. 7).
The indications of wrist arthrodesis are numerous, including cerebral palsy, arthrosis of the radiocarpal and midcarpal joints failed limited arthrodesis, and failed total joint or previous arthroplasty. It can also be done during other operations for brachial plexus injuries.
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The greatest functional problem in total wrist arthrodesis will be lifting objects from a low table and using a screwdriver. Nelson et al used splints, mimicking arthrodesis, on normal subjects and demonstrated that 123 activities of daily life could be performed by minimal, 5 to 7 degrees, wrist joint motion.
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The open surgical technique with violation of dorsal compartments of the hand can have negative effects on a functionally compromised hand. A second procedure for hardware 7 Therefore, in this paper, we described our experience of a modified arthroscopic technique for total wrist fusion. Moreover, in the open surgical method, removing the cartilage and bone, especially by hand instruments, such as Chisel and Rongeurs can lead to excess bone removal, necessitating bone graft. As the contour of Gilula's lines is preserved in this technique, bone graft is not needed for fusion here.
Wrist arthrodesis is an accepted procedure in several upper extremity situations. We have done arthroscopic total wrist arthrodesis with a minimal scar and acceptable functional results. A fixation method for wrist arthrodesis was proposed in this paper, which can be added to the armamentarium of the hand surgeon. Fig. 7 Cerebral palsy in an adult. The patient has no functional use of the hand due to an ineffective flexion and extension of the fingers. After wrist arthrodesis, the patient can flex the fingers and grasp objects.
